The polynomial solution of the Schrödinger equation for the Pseudoharmonic potential is found for any arbitrary angular momentum l. The exact bound-state energy eigenvalues and the corresponding eigen functions are analytically calculated. The energy states for several diatomic molecular systems are calculated numerically for various principal and angular quantum numbers. By a proper transformation, this problem is also solved very simply by using the known eigensolutions of anharmonic oscillator potential.
Introduction
The three-dimensional (3D) anharmonic oscillators are of great importance in different physical phenomena with many applications in molecular physics [1] . The solutions of the Schrödinger equation for any l-state for such potentials are also of much concern. Morse potential is commonly used for anharmonic oscillator. However, its wavefunction is not vanishing at the origin. On the other hand, the Mie-type and also the Pseudoharmonic potentials do vanish. The Mie-type potential has the general features of the true interaction energy [1] , interatomic and inter-molecular and dynamical properties in solid-state physics [2] . The Pseudoharmonic potential may be used for the energy spectrum of linear and non-linear systems [3] . The Pseudoharmonic and Mie-type potentials [3, 4] are two exactly solvable potentials other than the Coulombic and anharmonic oscillator .
The Harmonic oscillator and H-atom (Coulombic) problems have been thoroughly studied in Ndimensional space quantum mechanics for any angular momentum l. These two problems are related together and hence the resulting second-order differential equation has the normalized orthogonal polynomial function solution (cf. Ref. [5] and the references therein).
In this brief letter we will follow parallel solution to Refs. [6, 7, 8] and give a complete normalized polynomial solution of 3D Schrödinger equation with Pseudoharmonic potential, anharmonic oscillator like potential with an additional centrifugal potential barrier, for any arbitrary l-state. Further, by a proper transformation, we obtain the eigensolutions of this problem from the well-known eigensolutions of the anharmonic oscillator potential. As an application, we present some numerical results of the energy states of N 2 , CO, NO and CH molecules [9] .
The contents of this paper is as follows. In Section 2, we give the eigensolutions of the 3D Schrödinger equation with Pseudoharmonic potential and calculate numerically the energy levels for various diatomic molecular systems. We also obtain the eigensolutions of the Pseudoharmonic potential from a known anharmonic eigensolutions using a proper transformation. Finally, in Section 3 we give our results and conclusions.
The Schrödinger Equation with Pseudoharmonic Potential
We wish to solve the Schrödinger equation for a pseudoharmonic potential [3] given by
where D 0 is the dissociation energy between two atoms in a solid and r 0 is the equilibrium intermolecular seperation.
For brevity, we write the radial part of the Schrödinger equation as
and employing the transformation ψ(r, θ, ϕ) =
Furthermore, using the dimensionless abbreviations:
gives the following simple form equation
The behaviour of the solution at ρ = 0, determined by the centrifugal term and its asymptotic behaviour, determined by the oscillator terms, suggests us to write:
with the numerator of x −2 term equal to zero leads to
As q > 0, the above wavefunction vanishes at ρ = 0, corresponding to the strong repulsion between the two atoms. It is reasonable to set Eq.(6) into Eq. (5) and then to use, instead of ρ, the variable:
giving the general type of Kummer's (Confluent Hypergeometric) differential equation
with the Kummer's function solution:
At ρ = 0, the second part of the solution so that C 2 = 0. This clearly differes from the linear oscillator where no boundary condition exists at origin. A confluent series behaves asymptotically at large positive values of its argument as
leads us to write
which is exponentially divergent wavefunction. This divergence can be avoided, in cutting off the series in Eq. (10), by putting the parameter a = −n, with n = 0, 1, 2, ..., thus transforming the series into a polynomial of degree n. Hence
with
Thus, solving Eqs.(13) and (14) for the energy eigenvalues gives
where N nl is a normalization constant to be determined from the normalization condition and
is the angular part of the wave function.
On the other hand, for the sake of simplicity, we can immediately obtain the energy eigenvalues and the corresponding wave functions of the Pseudoharmonic potential by transforming Eq. (3) to
where
At this point, we should report that Eq. (17) corresponds to the Schrödinger equation of anharmonic oscillator potential, V (r) = B 2 r 2 , with energy levels
and wave functions
where m = −(n + L + 1).
Finally, in the light of transformation (18), the eigenvalues (15) and the eigen functions (16) can be easily determined from the traditional formulas (19) and (20), respectively, with the Laguerre function being expressed in terms of Kummer's function, that is, L
Results and Conclusions
In this work we have studied the analytical solution for a Pseudoharmonic potential. Considering this potential, the problem is reduced to a harmonic oscillator potential plus an additional centrifugal potential barrier of order 1/r 2 . The exact eigensolutions for this particular case have been obtained, in a similar way as the Hydrogenic solutions [5, 8] . We have calculated the energy eigenvalues and the corresponding wave functions considering bound-states for any quantum-mechanical system of any angular momentum l bound by a pseudoharmonic potential. The present results for the potential parameters γ = 0 reduces to a Harmonic oscillator solution.
Finally, we calculate the binding energies of the Pseudoharmonic potential for N 2 , CO, NO and CH diatomic molecules by means of Eq.(15) with the potential parameter values [9, 10] .given in Table   1 . The explicit values of the energy for different values of n and l are shown in Table 2 . 
